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STAT  quasz-comerewt macery Declass Review by NIMA / DoD

This memc describes the imaging process in am optical system when the light is mono-
shromatic but spatially only quasi-coherent. The imaging procvess in one dironsion
will be congidered first. The result will them be extended to two dimensions. The
model (Fig. 1) will be characterized by the following:

1. The light is temporally coherent with wawvelength, A.
2. The polarization ies constanrt over amy transform plamne.
3. The scale variables are normalized as foilows:

& '
a. e o e ' (L

¥y |
b, x = ‘(1?; )x, ()

*Zi‘he arimed quantities are veal distances, in the #econd and thi/d planes respectively.
and ¥, are the focazl lengths of the transform lLenses.

‘“Zﬁ 2 :

4. The first plane is cheracterized by the electric field u(x,t). The
#lectrie field is the only function of time, t. The electric field transmitted by a
trangparency is equal to the incident field multiplied by electric field transemission
of the traneparency, a(x). The function ;(x) includes both attenvation and phase
information. The light intemsity transmission of the tramsparency is:

tolx) = [a(x)l2 [€)

5. The second plane will be cheracterized by a "spatial fraquency filter
with & field transmizsion f£{w).

6. The third plame is the image plane which iz charascterized by the light
intensity, I{x), averezged over time so that I{x) unlike the electric field ie inde-
pendent of time. The analysis is based upon the tranmission of the slectrie field.
Only the £ilm in the imege plane,; which is an energy sensing device, depends upon tche
light intensity. The film responds to the light intensgity integrated over the
exposure time. The light intensity is the tiwe aversge of the square of the modulus
wf the eslectric field incident upon the film.

‘ . 1,2
The imsge Light intensity cen be written from Fourier transform tieary. ’

T{x) = Gl]l?{x})*ﬁa(x} ’u(.!aig'.:l;?.“2 (4)
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FPor convenience all egustions have beer written in terms of a single
gOHecant.Gi, i= 1,2, ..., . The bar denoies vime average and *
convolution,
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the indicated opex t.tnﬁ L egquatlion 4 are carried ou .

%‘?.3
= B

%
T = [eiwoxts, fuldw (7)

E ' b e * i ! : ’ o

Tiw,w} MLJH€%} A (v @ tivs (8%
» s '

(S5 3 ds

B 1 {9}

£ 0} = ufy Eiutiaem #3
' g } e, L Taeg, ) (16

.«

uation & is
o the gpeatiai Hegae o s ey ‘l oy that
fh@ treng form A{w} shiftea by V”@ ﬂhe Qthﬁi%g i® cauvsed by the
Lack of spatial coherencae j ‘ »
10 is the mutual cohervence funckion £ il ,main@nﬁ field at the

bwor points 3 oan 453 e i
ey wornts ¥ oand xis,  Yhe veference 1., -

respect

L&

Bguation 7 may be vewpiifop .

i e
} ;_,'n")‘;.; «miﬂ?,} r/ =
Edx) = [ %00wy wadd wg 38T frem it dur

{4} SR i,h:i e B L} £ g,’WE fex Cf"’#‘ f’kv#’ {1.1)

Bguations
Funetion,
filtering
the joint probabil:
vasg through the
Bguations 11 and
oomplate oohe

single

L Fx@muamc
i veps
e w o= "-’:ﬁz

mHeen of

Perfect Coherenos

e matus, cohe e oo
zgmcznaéah@ﬂmmg &

1y

i £ vz 0o e ;
! zi‘,g W Geemes s (T w0 f

Approved For Release 2002/07/12 : CIA-RDP78B04747A002700020039-9




STAT

=

o QC 3 Qf

Approved Forigillease 2002/07/12 : CIA RDP783047M02700020039 9

. T(Wl,‘"]z) = Cg;‘, \Tffl} t(wz} . . j{{r}

Ix) = ¢ |y £ (wiaw) e Fawi? : 115

Complete Incoherence

T%e mutual coherence function fox lncdher@nt lighu 13 & delca
function.

7 = Jisde—p Syt =1 " (167
K. X+8 : .
Leat:
Plw (17}

Ty (w) =
: = CBf%w}ﬁ f {w)

Equation 17 is the incoherent transfer function.
Let s
te(X) ey Telw) _ (18}
Ty {w} is the Pourier transform of the light 1ntens* v’g;angm saion
of the transparency.
v Fwx
I(x) ==.f‘£‘ (w} T (wle dw _ (19}

Equation 15 and 19 are the familiar eqguatioas fcr colierent and

 incoherent imagery respectivelyn Coherent imagery images the

conplex electric fi@lﬂ transwission while incoherent imagery imag as
light intensity transmisgio The simplificaticn in Bguation 15
ig possible because of the proﬁuv? relationship in Egua Ll«ﬂ 14,

In eguation 19 the simplification xesults because T(wl,\ iz &

function of (wy-w,).

For Quasiuﬂoherent light, neither of these simplifications can be
made., Thus we return to Bguations 11 and 12 and conszider a specific
example.,

We assume, as is usually the case, that SM(W§ iz independent of x
and lebs

S(w) = L P (v}, {208
2 : :
€ ¢ 1 for ?w L &
The rectangulay pulse function P {W)E{ o
€ 0 for wm! >&
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Equation (20) says that thexe is equal probability for all fre-
quencies for |w|<€ and frequencies |wl»é do not exist in thz incident
light. This is true for an extended, incoherxent, bus monochyomiakic
source, In addition, let the spatial filter he o simple aperture

‘that passes only the frequencies |wl<l.,

£(w) = P, () | | (21)

The assupmtions of Equations 20 and 21 vield T{wl,. w_} the "two
dimensional transfer function,” shown in Figures 2a %n._:'. Zb. For
clarity Figure 2a iz shown for €<l and Figure Zb for ¢+.. It can be
seen that the probability of transmission of two frecuencies separ-
ated by greater than the passband of the filter is zero. Tha
important thing to note is that if: :

A{w) = 0 for !w%’PE 1-g| {22)

then for &<l the imagery is coherent (Equation 15}
and for €»1 the imagery is incoherent (Equation 19},

An almost coherent system can best be approximated oy Bquation 1§
with the filter replaced by the approximation:

fé(w) = &(w) ,g i {w) fébr E<< | . | ' {23}

fé {(w) undex the assumptions of Equation 20, 21, and -3 and for g<<i
. is shown in Figure 2¢. Sone more detailed comment:r on nearly |

coherent imagery will be made in a futuye memo .

For the sake of completeness equations 11 and 12 nay be extended
to two dimensicns. :

T(x,y) =] Tluxl, uy, ven . wyg) A (Wyg Wy ) A vy, wyp) - (24}
e”-P? Hwyi~vo) x + (wyl"wy?) ¥ JQvyy gy duyy ﬁwya

- » . rd -
T{wxl, Wyls Weo, wy?.} = fs(wx, WY)* 8 €wxl-~‘wx/, wyluwy)u {23} i
& . f } - s . s ~ H
4 {wxz W W2 _w Y; dwx ﬁwy_ , , E
8 (w” 'V = [y @ o (s w, + 8w ) 1
8wy , wy) J u(x,y,t) u (x+sx, y+ﬁy, ©} e{zsx an Yy 'y L
£, Y Y (23} F

Bquations 24 to 26 are direct extensions to two dimensions of the
one dimensional model described by Bquations 9 to 12.

A future memo will show iha Lnages formed by & guasi-coherent
optical system for bar and sine wave targets.
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Intecr fe:ﬁﬁ?&f&"%ﬁ?’lﬂ'@a" 5299, ,07!,12u CIA, E-»B? Q%??ﬂ@ﬁ & problem with
coherent imagery. “he fraction of light reflecred is independent
of the degree of coherence. ‘The distributior. of the enerygy is
strongly dependent upon tho degree of cohereace,

Exparinentally it was found that many fwinges vanished if a
"diffuser® wag mechanically noved hehind & LEANSParency or
collimator used to fTiumLum%e Lhu wEBnEparancy,  The nex: aesion

e

will relate the difruisexr Lo ; {“) amﬁ‘Sw{wE“
EPR- A
The diffusers were not moved rapidly enough to vary the frasquency

of the livht and thus temporal crhevence is presexved, The fringes
vanigh, because the spatial coherence is reduced. The fringes move
in tlme with the diffuser while -he image stande still. The amount
the frlnges move is related ko do gree that the cooherence is deg-
Yroyed.

' The dirfusersused were of tve Lypes .
1} A granular translucent Jiffuser was noved behind
the negative duriag a¥posure,
2} A Jlass plateé was rocked behind the cnllimator

For sinplicity tue incident Light will be sssumed on ba completely
coherent, If the diffusex UﬂlﬁigOGa linear motion and the glass
plate pwvicdic motica hqua ion 10 takes the follewing forms, Por
miform L1luminas 1@&?";u, ig nol & function of x in either case.
X, x5+ '
For tle deEuse

r1(0) im 1 f (x GC

% ) 1
. sb 7% |
gl

dx (27}

-
—
LY
o
U‘»
N

i 3¢0) is the wvko correlation function of 1wy {st), the phuse vogige
tlon, in the maverial,

For the rOuu$nﬁ jraataa

2Tx

U(x,t) = aap) HEo g 28;

7}

% {r}is 1he angle Ehzauqﬂ'ﬁ%*#ﬁ b
periodic motion ¢ the rocking plate
by conaidering Equation o

rotated by the
i3 bzgt analvzed

i
i

2

Eguation © may o B oL i paeriadic,

Stwl =gy 1 5] . - (ag)

Where ty is the solutics: Lo the @Cant Lo,

B (ﬁ;a) = W 1)
Ae an example, if the recking is lines
9 .
m (t) Appeoved FapRelgase 2002/07/12 : CIA- RDP7880£74 02700020039 631,
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Equaltion 32 is the same as the example considered for Equation 20,

© thus a linearly rocked plate is exactly the same as an extended
monochyxomatic soursze that is spatially inccherent. This eguiva-
lence may be expl¢ined by imagining the plate in several poszitions
at once in an unrelated manner, This is the descripticn of a
topochromaitic source that emits meny unrelated plane waves simule
tareously. .The fringes vanish because as the plate rocks the Lays
pass through different portions of the optics causing the reflected
image: to move. Tiis causes the fringes to move with time and the
averaga intensity af the fringes is zero,

This memo has descr.bed the effect of partial spatial crherence
on imagery. A folliwing memo will consider the effect on imagery
for several light siurces as a function of intensity i1 the image
plane. This memo will show that reflection fringes csn be
eliminated and high intensity achieved while maintaining a guasi-
coherent imagexry thi: is described by Equation 20 to 23 with &<<i
The quasi-~coherent inagery wiil be almost indistinguishable from
completely coherent |magery.
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COHERENT LEGHT ENLARGER AMD SPATIAL FILTER JU{(/
6th Progress Report: 16 Mov. to 1l Dec. '63 /

7

Progress kas ccmuamd at & comevhat more rvepid pace and we ave siill
expecting to meet the origimal delivery date. Ktems of incerest:

1. All lenses sad callo bove been raleased for fabrisation with mo
chonge of dolivery date 25 cempared to tha origimal pert chart.

2, HWock on the electrical schematic and packagieg bas begue and bas
© led to a pessible improvement of the film tremsport method. This work
. is being istensively pursved with am eys toverd aakimg film cvenspore
simplier to operate. o

3. A coaprebemsive sazies of tests using both laser and imcyadescont
) ugm sourced was complated amd it Lo expacted thot the resulis of these
- . - tests will Lo shoua to the customer by the end of tha momth. We have
not as yet determimed the transfer femctior of the emlarger. Emperi-
mentakion 1o mow concenmtrated en the electronie focus indiestor which
hao boon losned to us by Lmetmalem This mrm shkould ba com-
pleead by the end of this “waek.,

b, Dus €0 a.vanability of winpowar and mochines m our oun Model Shop,
' wo have started to fecture lens mounts and other eguipment hore
STAT ﬁm will zesult in lowar costs and wore
) e delivery dates. ]

5. V‘Uax facilties mov inclide the breadbostd ealargér room and asseably
room for tha prototype apd & dark room, all o a wontlassified evea. ‘

Activity for ths comimg momth shouldfaclude empleum of 21l mechanieal

- dravings, determination, of t¥ansfer functlon, Labricatiom of edditicmal
spatial £4lters, sontinued effort on theovetical otudies end a trip to
¢ho customer te revidew vesmits, STAT
1C:le
STAT
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